Determination of the number of times that plastids have been gained and lost during eukaryotic evolution has proven difficult. A recent study has uncovered what could be the molecular signature of a photosynthetic ancestry for an important plastid-lacking lineage of microbial eukaryotes -the ciliates.
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Ask a ciliate biologist what their organism of choice can tell us about the evolution of eukaryotic photosynthesis and the answer is likely to be ''what are you talking about?''. This would be a reasonable response. After all, ciliates have been intensely studied for decades, being famous for their nuclear dualism [1] and important contributions to the field of molecular biology (e.g., telomerase was discovered in ciliates [2] ): they are definitely not photosynthetic. Nor is there any evidence that they harbor a remnant plastid, as seen in the malaria parasite Plasmodium [3] . Far from being passive sunbathers, ciliates play the role of voracious predator in diverse microbial ecosystems ranging from the anaerobic guts of animals to the open ocean. Nevertheless, by virtue of their position on the eukaryotic tree, ciliates are part of a long-standing argument over the tempo and mode of plastid evolution, specifically the question of how often such organelles have been gained and lost during the history of eukaryotes. In a recent issue of Current Biology, Reyes-Prieto et al. [4] presented phylogenomic evidence suggesting that, despite their current lifestyle, ciliates may have evolved from photosynthetic ancestors, an observation that is certain to heat up the simmering debate over plastid evolution.
The photosynthetic organelles of algae and plants -plastids -evolved from cyanobacteria by endosymbiosis. It is widely believed that 'primary' plastids evolved only once, probably in the common ancestor of red, green and glaucophyte algae [5] , three lineages that are grouped together in the eukaryotic 'supergroup' Plantae (or Archaeplastida). Less clear is the number of times that photosynthesis has spread horizontally across the eukaryotic tree by 'secondary' endosymbiosis, a process whereby a primary-plastid-containing alga is taken up and assimilated by a second, non-photosynthetic host eukaryote [5] . Reasonable estimates range from as few as three to as many as seven (or more) distinct secondary endosymbioses involving both green and red algal endosymbionts. Remarkably, several clear examples of tertiary endosymbiosis have also been documented, in which a secondary-plastid-containing alga is engulfed by a distantly related eukaryote [5] .
Secondary-plastid-containing algae are among the most genetically and morphologically diverse phototrophs on the planet: figuring out how they are related to one another by comparing the sequences of their genomes is anything but trivial. Secondary plastids are also patchily distributed across the eukaryotic tree, with the organisms that bear them often being most closely related to non-photosynthetic, plastid-lacking lineages. This is the situation with ciliates. These organisms belong to the alveolates, a lineage that also includes the red-tide-causing dinoflagellate algae and apicomplexan parasites [6] . Although exclusively non-photosynthetic, many apicomplexans (e.g., Plasmodium and Toxoplasma) possess a remnant plastid of red-algal origin retained for the purpose of fatty acid and isoprenoid biosynthesis [3] . The peridininpigmented plastids of dinoflagellates are also derived from red algae. To explain the origin of apicomplexan and dinoflagellate plastids, one can either evoke independent secondary endosymbioses or a single endosymbiotic event in the dinoflagellate-apicomplexan common ancestor, coupled with subsequent plastid loss in at least some members of both lineages.
Toward the goal of further minimizing the number of secondary endosymbioses needed to account for the known distribution of plastidsand the complex genetic and cellular retooling that accompanies each event -Cavalier-Smith [7] proposed that a single, ancient endosymbiosis occurred in the common ancestor of all modern-day lineages harboring a red secondary plastid as well as their specific relatives, i.e., the 'chromists' (cryptophytes, haptophytes and photosynthetic stramenopiles), non-photosynthetic stramenopiles and alveolates -ciliates included. This so-called 'chromalveolate' hypothesis is arguably the most controversial idea of the last decade in the literature on plastid evolution (see [8] and references therein for recent reviews). While parsimonious from the perspective of plastid gain, the chromalveolate hypothesis demands that photosynthesis has been lost on numerous occasions, something that does not sit well with many researchers in the field. Nevertheless, support for this notion has come via direct or indirect evidence for vestigial plastids in several dinoflagellates once assumed to be ancestrally non-photosynthetic (e.g., [9, 10] ). The apicomplexan Cryptosporidium and the stramenopile Phytophthora are particularly interesting examples: neither possess a plastid but dozens of genes of putative cyanobacterial/algal origin reside in their nuclear genomes and have been interpreted as 'footprints' of a plastid-bearing phase in their evolutionary past [11, 12] . Until recently, the ciliates were considered 'missing data'.
When the macronuclear genome of the model ciliate Tetrahymena thermophila (Figure 1 ) was published in 2006 [13] , those with an interest in the evolutionary history of plastids paid close attention. Would genetic vestiges of a photosynthetic past be found? The initial search was negative. Not to be discouraged, Reyes-Prieto et al. [4] recently revisited the issue armed with an expanded taxonomic sampling and a new tree-topology-search tool (PhyloSort) geared to identify phylogenetic trees in which the ciliate homologs were monophyletic with 'chromalveolates' and/or members of the Plantae. Starting with 27,446 predicted T. thermophila proteins, a set of 3,997 candidate proteins was identified by reciprocal BLAST analysis and put through a phylogenomics pipeline, resulting in 133 trees that were subject to more rigorous analysis. In the end, the authors identified 16 protein trees with 'moderate to high' statistical support uniting the ciliates T. thermophila and Paramecium tetraurelia with the Plantae and, in most cases, at least some chromalveolates [4] . At face value, the results are potentially very exciting for chromalveolate enthusiasts, as they are consistent with a plastid-bearing phase at some point in the evolutionary history of ciliates. However, as ReyesPrieto et al. [4] are quick to point out, the phylogenetic distribution and predicted functions of these 'algal' genes are complex and open to interpretation.
An alternative hypothesis is that some or all of the 16 algal genes in ciliates are not the remnants of past endosymbiotic gene transfer but are instead the product of horizontal gene transfer (HGT). The idea that HGT has been a significant factor in the evolution of eukaryotic genomes is gaining increasing acceptance [14] . In the case of ciliates, a recent expressed sequence tag-based study of the genomes of anaerobes living in the foregut of ruminants identified numerous cases of bacteria-derived genes involved in the breakdown of carbohydrates [15] , indicating that ciliates can and do acquire genes from their prey. Indeed, some freshwater ciliates are known to harbor algal symbionts (e.g., [16] ) and it will thus be important to determine the extent to which the putative algal genes in ciliates stand out against the background of HGTs in the T. thermophila and P. tetraurelia genomes. Nevertheless, the results of Reyes-Prieto et al. [4] provide an important launch point for further investigation of the origin of alga-derived genes in a more diverse array of ciliates and other chromalveolates.
It is important to consider that, even if the ciliates are shown to have evolved from photosynthetic ancestors, it does not mean that the chromalveolate hypothesis, as originally stated [7] , is correct. This is because chromalveolates as a whole do not form a monophyletic assemblage in phylogenetic analyses, even those analyzing hundreds of nuclear genes (e.g., [17] ). Complex models of plastid evolution in which a combination of secondary and tertiary endosymbioses are invoked to explain the apparent incongruence between 'chromalveolate' plastids and their host cells are gaining popularity [8] .
At the same time as analyses of existing genomes continue to change our views on the deep evolutionary history of plastids, new organisms are being added to the mix. Perhaps most exciting is the recently discovered free-living alga Chromera velia, whose chlorophyll-a-containing plastids are of red-algal ancestry [18] . Most unexpectedly, plastid and nuclear ribosomal DNA gene phylogenies suggest that C. velia is more closely related to apicomplexan parasites than to any other phototrophic group, providing an intriguing link between the remnant plastids of apicomplexans and the peridinin-type plastids of dinoflagellates. The nuclear genome of C. velia holds great promise as a surrogate in global eukaryotic phylogenies for the derived and compositionally biased genomes of apicomplexans, and as an additional source of endosymbiotically derived genes for comparison to those predicted to exist in ciliates and other non-photosynthetic chromalveolates. Additional new and potentially significant lineages include the katablepharids, which are non-photosynthetic (and apparently plastid-lacking) microbial eukaryotes linked to cryptophyte algae on the basis of molecular and morphological data [19] , as well as the 'picobiliphytes', an as-yet uncultured photosynthetic lineage with plastids that are suspiciously cryptophyte-like in nature [20] . While it will likely be some time before their secrets are fully revealed, these important new pieces of the plastid evolution puzzle are definitely worth waiting for. 
Sleep: Approaching the Fundamental Questions
Our 'sleep need' may be defined as the daily amount of sleep we require to be fully awake during daytime. A recent study has shown that both sleep need and daytime sleepiness decline in older adults.
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''Try and penetrate with our limited means the secrets of nature, and you will find that, behind all the discernible concatenations, there remains something subtle, intangible and inexplicable.'' -Albert Einstein Within the last few years, a number of important discoveries have been made in the field of sleep medicine, leading to a better understanding of the regulation of sleep and wakefulness. But some fundamental questions remain unanswered, such as: Why do we sleep? What are the functions of deep sleep and of rapid eye movement sleep? And how much sleep do we really need?
As they report in this issue of Current Biology, Klerman and Dijk [1] have met the challenge posed by this last question, and give the most comprehensive answer to date. They examined sleep and wakefulness in healthy young (18-32 years) and older (60-76 years) subjects, both under habitual circumstances (at home), and in the sleep laboratory, by minimizing confounding social and circadian influences and offering extended sleep opportunities. To examine the maximal capacity for sleep, the researchers encouraged the subjects to sleep up to 16 hours per day. They made two important observations. First, that increasing age is accompanied by a reduction in sleep need. The total sleep duration per 24 hours was 1.5 hours shorter in the older subjects (7.4 versus 8.9 hours). Both rapid eye movement sleep and non-rapid eye movement sleep were reduced in older subjects. Second, that habitual sleep time (at home) was not different between young and older subjects, but young subjects more often suffered from excessive daytime sleepiness. This finding suggests that young subjects are either not able or do not allow themselves to sleep enough.
How much sleep do we really need? There is considerable evidence of a continuous reduction in average sleep time by 20% over the past century [2] . Sleep need may be defined
